Background. Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemoperfusion (HIPEC) are frequently used to treat appendiceal carcinomatosis. Some patients require multivisceral resection because of the volume of disease. It is unclear whether extent of CRS impacts survival in appendiceal carcinomatosis. Methods. We analyzed 282 patients undergoing attempted CRS/HIPEC for appendiceal carcinomatosis. Patients were defined as having undergone Extensive CRS (n = 60) if they had [3 organ resections or [2 anastomoses; a subgroup of Extreme CRS patients (n = 10) had C5 organ resections and C3 anastomoses. Kaplan-Meier survival curves and multivariate Cox-regression models were used to identify prognostic factors affecting outcomes. Results. Relative to the comparison group, patients undergoing Extensive CRS had a higher median peritoneal carcinomatosis index, operative duration, blood loss, and length of stay. No difference in completeness of cytoreduction, severe morbidity, or 60-day mortality was evident. Subgroup analysis of 10 patients undergoing extreme CRS likewise revealed no increase in severe morbidity or mortality. Median progression-free (PFS) and overall survival (OS) were 23.5 and 74 months in the comparison group; 18.5 (p = 0.086) and 51 (p = 0.85) months in the Extensive CRS group; and 40 months and not reached in the Extreme CRS subgroup. In a multivariable analysis, extent of CRS was not independently associated with PFS or OS. Conclusions. Extensive CRS is associated with greater OR time, blood loss, and length of stay, but is not associated with higher morbidity, mortality, or inferior oncologic outcomes in patients with appendiceal carcinomatosis.
Cytoreductive surgery combined with hyperthermic intraperitoneal chemoperfusion (CRS-HIPEC) is an established treatment modality for patients with peritoneal carcinomatosis originating from mucinous appendiceal neoplasms. In appropriately selected patients, this aggressive locoregional approach can be undertaken with low mortality and is associated with long-term survival in a population of patients who otherwise experience progressive disease leading to bowel obstruction and ultimately death. Well-characterized risk factors for relapse and death in patients undergoing CRS-HIPEC include extent of peritoneal disease, high-grade tumor histology, inability to achieve complete cytoreduction, and lymph node metastasis. [1] [2] [3] [4] [5] [6] [7] [8] [9] Because complete cytoreduction is associated with prolonged progression-free and overall survival, an aggressive surgical approach is often advocated in order to maximize the duration of disease-free interval. In many patients, multivisceral resection is necessary in order to attain complete cytoreduction.
Morbidity following CRS-HIPEC has been well characterized. In a previous study from our institution, patients undergoing CRS-HIPEC for a variety of primary tumor sites experienced a severe (grade [ 3) morbidity rate of approximately 30 %, with the number of enteric anastomoses and incomplete cytoreduction being independent significant predictors of morbidity. 4, 10 Likewise, major morbidity rates published from a number of other highvolume centers have ranged from 12 to 55 %. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] These studies have consistently identified extent of disease, number of organs resected, number of enteric anastomoses, and duration of surgery as predictors of morbidity following CRS-HIPEC.
Although the relationship between extent of resection and morbidity is well established, the impact of extent of resection on oncologic outcomes is poorly characterized. Critics of the aggressive surgical approach to carcinomatosis of appendiceal origin argue that the high published morbidity rates of CRS-HIPEC outweigh its purported benefits. In order to examine whether multivisceral resections in combination with HIPEC are prohibitively morbid with respect to oncologic outcomes, we sought to characterize the association of extent of resection with morbidity and survival duration in patients undergoing CRS-HIPEC for appendiceal carcinomatosis. We also describe our experience in a set of patients with large-volume carcinomatosis in whom an extremely aggressive surgical approach combined with HIPEC was undertaken.
PATIENTS AND METHODS
Patients presenting to our institution with PC of appendiceal origin were entered into a prospective database; all patients selected for treatment with CRS-HIPEC between May 2001 and July 2010 were included in this study. Approval was obtained from the University of Pittsburgh Institutional Review Board. Patients were selected for CRS-HIPEC following evaluation in a multidisciplinary peritoneal surface malignancy clinic composed of surgical oncologists, medical oncologists, and radiologists.
Patients underwent exploratory laparotomy in a highvolume tertiary referral center with the intent of performing complete cytoreduction and HIPEC. The Dutch simplified peritoneal carcinomatosis index (SPCI) was used to quantify disease burden at the time of laparotomy as previously described. 21 Cytoreduction was performed via a previously described method, with the intent being complete cytoreduction. 22 Completeness of cytoreduction was graded in the standard manner: CC-0, no visible residual disease; CC-1, residual disease up to 2.5 mm; CC-2, residual disease up to 2.5 cm; CC-3, residual disease [2.5 cm. HIPEC was performed in *90 % of patients following cytoreductive surgery, according to a previously described institutional protocol. 10 HIPEC was omitted in a minority of cases at the discretion of the operating surgeon, typically in cases of gross residual disease, excessive operative duration or blood loss, or hemodynamic instability. We use a closed technique, with a roller-pump heat exchanger (ThermoChem HT-100, ThermaSolutions, Melbourne, FL) to target flow rates of [800 mL/min and a intraperitoneal temperature of 42°C. A dose of 30 mg mitomycin C is given at the beginning of perfusion, followed by a second dose of 10 mg mitomycin C after 60 min, with a total perfusion duration of 100 min. Postoperatively, patients were admitted to the intensive care unit for at least 24 h, with transfer to a dedicated surgical oncology nursing unit when clinically appropriate. Perioperative complications were graded according to the Dindo-Clavien system, and major morbidity was defined as an event of grade 3 or greater. 23 Following discharge, ongoing follow-up care was provided in the multidisciplinary outpatient clinic. At each visit, vital status and disease status were assessed and entered into a prospective database. Overall survival (OS) was defined as the duration from the date of CRS-HIPEC to the date of death. Progression-free survival (PFS) was defined as the duration between the date of CRS-HIPEC and the date of clinically documented tumor recurrence. In cases of incomplete cytoreduction, progression was defined as the date of clinically documented tumor progression relative to baseline postoperative radiologic findings and tumor marker levels. For all outcomes, patients were censored at the time of most recent follow-up.
For purposes of comparison, patients were divided into 2 groups: an Extensive CRS group who underwent [3 organ resections or [2 enteric anastomoses and a comparison group who did not meet these criteria. For descriptive purposes, a subset of the Extensive CRS group, in which C5 organ resections and C3 enteric anastomoses were performed, was defined as the Extreme CRS group. These groups formed the basis of comparison for baseline patient characteristics (age, gender, ASA, BMI, preoperative serum albumin level, presence of symptoms, prior surgery, or chemotherapy), tumor characteristics (initial presentation vs. recurrent, histologic grade, presence of signet cells, lymph node involvement, SPCI), completeness of cytoreduction, perioperative morbidity (estimated blood loss, complication rates, length of stay, length of ICU stay, reoperation rate, readmission rate), and measures of survival (OS and PFS).
Statistical analysis was performed using SPSS. Statistical significance was defined as p \ 0.05. Categorical variables were compared among groups using v 2 test or Fisher exact test as appropriate. Continuous variables were compared among groups using t test or the Mann-Whitney U test as appropriate. Kaplan-Meier curves were constructed to estimate median and actuarial survival times. Survival times among subgroups were compared using the log-rank test. Multivariate analysis, to identify predictors of survival, was performed by constructing stepwise Cox proportional hazard models incorporating variables selected on the basis of results of univariate analysis.
RESULTS
Preoperative baseline patient characteristics are presented in Table 1 . Relative to the comparison group, the Extensive CRS group exhibited no significant differences in patient age, gender, body mass index, American Society of Anesthesiology (ASA) score, or serum albumin concentration. Approximately half of the patients in each group were treated during their initial presentation with PC, while half were treated for recurrent disease after previous treatment. Most patients had not undergone prior systemic or peritoneal chemotherapy. Patients in the Extensive CRS group were more likely to be symptomatic at presentation (77 vs. 58 %, p = 0.01) and were more likely to have CT-evident disease (75 vs. 62 %, p = 0.07) or a dominant tumor mass on CT (57 vs. 27 %, p = 0.0001).
Patients undergoing Extensive CRS experienced longer median operative duration (554.5 vs. 460 min, p = 0.0004), greater median estimated blood loss (1,225 vs. 750, p = 0.0006), and a higher probability of red blood cell transfusion (83 vs. 63 %, p = 0.007). Disease burden, quantified according to the simplified peritoneal carcinomatosis index (SPCI), was greater in the Extensive CRS group (median 16 vs. 13, p \ 0.0001), while complete cytoreduction (CCR score 0-1) was achieved in 75 % of patients in the Extensive CRS group and 84.5 % of the comparison (p = 0.1). HIPEC was performed in the vast majority (*90 %) of patients in each group.
Excluding peritonectomy and omentectomy, the most common organ resection procedures in the Extensive CRS group were colectomy (92 %), splenectomy (82 %), cholecystectomy (65 %), and small bowel resection (57 %). Less frequently performed were hysterectomy and salpingooophorectomy (28 %), distal pancreatectomy (27 %), gastrectomy (23 %), and partial hepatectomy (15 %). By virtue of the study design, all procedures were more commonly performed in the Extensive CRS group relative to the comparison group.
No significant difference between the Extensive CRS and comparison groups was noted in the distribution of histologic grade, with a strong majority of patients in both groups having low-grade disease (p = 1.0). Likewise, no significant differences between groups were noted with respect to presence of signet ring cells (p = 0.8), presence of lymph node metastases (p = 0.4), or presence of K-ras mutation (p = 0.4).
Morbidity results are presented in Table 2 . Postoperative complications occurred in 70 % of patients undergoing Extensive CRS, with 32 % experiencing major morbidity (grade 3 or 4). These rates were not significantly different than the overall (59 %, p = 0.1) and grade 3-4 (23 %, p = 0.2) morbidity rates in the comparison group. One patient (1.7 %) in the Extensive CRS group and two patients (0.9 %) in the comparison group died within 60 days of surgery (p = 0.1). The most frequent major complications were delayed gastric emptying, surgical site infection, pulmonary insufficiency, and prolonged ileus ([21 days).
Anastomotic leaks occurred in two patients (3.3 %) in the Extensive CRS group and four patients (1.8 %) in the comparison group (p = 0.6). Cardiac complications and hemorrhagic complications were significantly more common in the Extensive CRS group (5 vs. 0.5 %, p = 0.03 and 5 vs. 0 %, p = 0.009, respectively). Median ICU length of stay was longer in the Extensive CRS group (3 vs 
On univariate analysis, severe morbidity was associated with symptomatic disease (p = 0.006), number of enteric anastomoses (p = 0.006), and high-grade disease (p = 0.005). ASA score (p = 0.08), blood transfusion (p = 0.06), SPCI (p = 0.08), operative duration (p = 0.07), and incomplete cytoreduction (0.06) approached but did not meet statistical significance as univariate predictors of severe morbidity. On multivariable analysis, none of these factors carried an independent association with severe morbidity.
Kaplan-Meier curves for progression-free survival (152 events) and overall survival (105 events) are presented in Fig. 1 . Median progression-free survival was 18.5 months in the Extensive CRS group versus 23.5 months in the comparison group, a trend that did not meet statistical significance (p = 0.09). Median overall survival was not significantly different between the Extensive CRS (51 months) and comparison (74 months) groups (p = 0.8). Results of multivariate analysis for progressionfree and overall survival are presented in Table 3 . Independent predictors of decreased progression-free survival were cytoreduction for recurrent disease, higher disease volume (SPCI), incomplete cytoreduction, high-grade histology, and lymph node metastasis. Independent predictors of decreased overall survival were high-grade histology and higher SPCI. Neither Extensive CRS nor severe morbidity was independently associated with progression-free or overall survival.
A subgroup of 10 patients undergoing Extreme CRS was identified in whom C5 organ resections and C3 anastomoses were performed prior to HIPEC. With respect to the comparison group, patients undergoing Extreme CRS had higher median SPCI (16, p = 0.01), longer surgical duration (645 min, p = 0.0001), greater median estimated blood loss (1,300 ml, p = 0.008), and longer hospital length of stay (17 days, p = 0.02). Complete cytoreduction was achieved in 9 of 10 patients. Major morbidity occurred in five patients (p = 0.07), with no 60-day mortality.
Median progression-free survival was 40 months, while median overall survival had not been reached at the time of analysis in the Extreme CRS subgroup.
DISCUSSION
The rarity of appendiceal carcinomatosis and the variety of histologic entities comprising it have challenged efforts to develop uniform treatment recommendations for this progressive disease. Despite the publication of numerous retrospective series over the past several decades, the optimal treatment of patients with PMP remains the subject of controversy. In the absence of randomized trials comparing proposed treatment regimens, consensus has nevertheless emerged among some experts favoring combined aggressive cytoreductive surgery and intraperitoneal chemotherapy over systemic chemotherapy and/or palliative CRS procedures alone. 24 Although CRS-HIPEC has shown promising results in non-randomized trials compared with palliative surgery and/or chemotherapy, critics of this approach have questioned its oncologic benefit and cautioned that the associated morbidity may warrant a less aggressive approach in which complete cytoreduction is de-emphasized in favor of other endpoints, including preservation of function and palliation of symptoms. 25 On the other hand, proponents of CRS-HIPEC argue that it is a potentially curative approach, citing 10-year overall survival rates exceeding 50 %, compared with 20-30 % in series advocating a palliative approach. 3 Multiple series from various institutions have confirmed the dominant impact of histologic grade and completeness of cytoreduction on survival among patients selected for aggressive locoregional treatment for PMP. [1] [2] [3] [4] [5] [6] [7] [8] [9] Given the importance of complete cytoreduction in optimizing outcome, a central question is whether an approach of cytoreduction-at-all-costs is warranted in appendiceal carcinomatosis. In this study, we examined the question of whether extent of surgery influences morbidity and oncologic outcome in appendiceal carcinomatosis in an institution in which an aggressive cytoreductive approach is pursued. We did not find a statistically significant increase in the rate of overall morbidity or severe morbidity on the basis of extent of cytoreductive surgery. Nevertheless, patients undergoing Extensive CRS did experience higher complication rates in the cardiac and hemorrhagic subgroups, longer ICU and hospital stays, and longer time to tolerance of regular diet. A trend toward decreased progression-free survival among patients undergoing Extensive CRS on univariate analysis was not confirmed on multivariate analysis, whereas no difference in overall survival was noted on the basis of extent of cytoreductive surgery. Similarly, a subset of 10 patients undergoing extreme cytoreduction with numerous organ resections and anastomoses experienced acceptable morbidity and no perioperative mortality. In short, we found no evidence that Extensive CRS or its associated morbidity negatively impact oncologic outcomes in this cohort of patients.
The decision to treat an individual appendiceal carcinomatosis patient with cytoreductive surgery and HIPEC is complex and involves an assessment of the grade of disease, the likelihood of a complete cytoreductive surgery, the presence of symptoms, and the patient's medical suitability for aggressive surgery. Judgment is required to balance the potential benefit of a complete cytoreduction with the potential for morbidity and altered quality of life inherent in multivisceral resections. Clearly, not all organ resections are equivalent, and certain procedures (e.g., total gastrectomy, cystectomy, proctectomy) would be anticipated to have a larger impact on quality of life than others. Therefore, a great deal of subjectivity remains at the time of cytoreductive surgery in determining how aggressive to be in an individual patient. However, on the basis of our findings we suggest that the number of organ resections and anastomoses required to obtain an optimal cytoreduction do not independently influence oncologic outcome in appendiceal carcinomatosis and therefore should not be used in isolation to withhold treatment from a patient who is otherwise fit for an aggressive approach.
A number of previous studies have examined the relationship between extent of cytoreduction and morbidity in pseudomyxoma peritonei and other forms of carcinomatosis that have been treated with cytoreductive surgery and HIPEC. Multiple large series, from our institution and others, have identified a relationship between morbidity and number of organ resections and anastomoses. 11, 14, [16] [17] [18] 26 Other related variables, including duration of surgery and extent of disease, have also been repeatedly identified as predictors of morbidity, as has incomplete cytoreduction. 11, 14, [16] [17] [18] We have previously investigated the impact of extent of cytoreduction on morbidity and survival in patients being treated for carcinomatosis from colorectal cancer. In this group of patients, estimated blood loss and number of bowel anastomoses, but not multivisceral resection, were independently associated with morbidity on multivariable analysis. No association between extent of resection and overall survival was seen. 26 Quality of life following CRS-HIPEC is a central element in the discussion of whether patients with carcinomatosis are well served by an aggressive locoregional treatment approach. 27, 28 Studies designed to measure elements of quality of life prior to and following CRS-HIPEC have documented postoperative declines in physical well-being and physical functioning, as well as significant depressive symptoms that persist for at least a year in up to a third of patients. 17, [29] [30] [31] While emotional well-being was reported to improve after CRS-HIPEC, and physical wellbeing and function were found to return to baseline between 6 and 12 months after surgery, these studies were limited by reporting bias, since patients with poor quality of life may have selectively dropped out during the follow-up period. Clearly, this is an area that deserves intense study given the fact that the vast majority of patients with appendiceal carcinomatosis will not be cured by CRS-HIPEC, emphasizing the importance of maintaining quality of life in this patient population. The effect of extent of cytoreduction on quality of life remains to be studied. This study is limited by its retrospective nature and by the fact the results were obtained in carefully selected patients treated by a multidisciplinary team in a high-volume tertiary cancer center and may not apply in other treatment settings. Nevertheless, we conclude that aggressive cytoreductive surgery entailing multivisceral resection can be performed with acceptable morbidity and mortality, and there does not appear to be a relationship between the number of resected organs and measures of oncologic outcome. Unfortunately, in spite of aggressive cytoreduction, most patients with appendiceal carcinomatosis will experience subsequent progression, emphasizing the need for innovation in regional and systemic therapies for this disease. 
